In order to determine the apparent metabolizable energy (AME), the AME corrected for nitrogen balance (AMEn), the apparent coefficients of metabolization (ACM) of gross energy and the ACM corrected for nitrogen balance (ACMn), an experiment was conducted to evaluate five different plant foods (corn, soybean meal, deactivated full-fat soybean, wheat bran and soybean oil) for broilers at different ages (1-8, 11-18, 21-28, 31-38 and 41-48 days). The method of total excreta collection was used, divided into five metabolism assays. The birds were housed in metabolic cages in a completely randomized design, with five treatments and five replicates per treatment, totaling 25 experimental units. The AME and AMEn values increased with the age of the birds for most foods, except soybean meal. The smaller AMC and AMCn of gross energy were obtained for wheat bran. There was adjustment of the equation to the linear response plateau model for the ACM of corn, soybean meal and deactivated full-fat soybean. The wheat bran and soybean oil were adjusted to the linear regression model. The equations show that the digestibility of energy tends to increase with age, except for soybean meal, which had higher metabolization with younger birds. We conclude that the age of the birds influences the determination of the metabolizable energy of feed. Key words: Feed. Metabolism assay. Metabolizable energy. Poultry farming. Total collection.
Introduction
The energy contained in food and feed for poultry can be measured in its crude form, digestible or metabolizable. Apparent metabolizable energy (AME) is the most commonly used in researches with broilers, since it is more easily measured in relation to digestible energy, because birds excrete feces and urine together.
There is, however, a frequently performed change in the AME values of food, which consists in the correction of its values according to the nitrogen balance of the animals (AMEn). In this regard, Leeson and Summers (2001) emphasize that it is impossible to determine that all the birds used in experimental trials have the same growth rate and, therefore, nitrogen correction is necessary.
Growing birds usually present higher AMEn values, due to the higher retention of nitrogen for deposition of protein tissue (GENEROSO et al., 2008) . According to Nery et al. (2007) , nitrogen retained as tissue, if catabolized, favors endogenous urinary energy losses, contributing to variations in AME values.
Several factors may affect the dry matter values. The main ones seem to be the composition of the food itself, the type and level of inclusion of the ingredients, calcium and phosphorus levels, antinutritional factors, feed intake, the methodology used to determine the AME and, not least, the age of the birds (SCOTTA et al., 2016) .
Thus, the determination of metabolizable energy at different ages of birds becomes important, since the digestibility of the energy tends to increase with the age of birds, due to development of the digestive tract and the improvement of its capacity for nutrient and energy utilization by the birds as a function of increased secretion of bile salts and increased activity of the lipase enzyme, in addition to the more expressive fermentation of structural carbohydrates in the cecum (QUEIROZ et al., 2015) .
According to Andrade et al. (2016) , younger birds utilize less energy from food than older birds, especially in the case of vegetable ingredients. The penalization of metabolizable energy determination due to nitrogen balance correction is also more representative in younger birds.
The objective of this work was to determine the AME, the AMEn, the apparent coefficients of metabolization (ACM) of gross energy and the corrected ACM for nitrogen balance (ACMn) of five different foods of plant origin (maize, soybean meal, deactivated whole soybean, wheat bran and soybean oil) for broilers at different ages.
Material and Methods
The experiment was conducted at the Laboratory of Physiology and Experimental Station for Poultry Metabolism, State University of Paraná West -UNIOESTE. All experimental procedures were previously submitted to the Animal Care and Use Committee of UNIOESTE, and were approved for execution (Protocol number 042/2012).
The AME and AMEn values of five different foods of plant origin used in feed for broiler chickens were determined: grain corn, soybean meal, deactivated whole soybean, wheat bran and soybean oil.
In order to determine the chemical composition of the foods, dry matter (DM), crude protein (CP), gross energy (GE), mineral matter (MM), mineral calcium (Ca), phosphorus (P), magnesium (Mg), sodium (Na) and potassium (K) were analyzed according to Silva and Queiroz (2006) . The geometric mean diameter (GMD) of the feed particles was determined according to the methodology proposed by Zanotto and Bellaver (1996) .
The determinations of the AME and AMEn values of the foods were performed using the methodology of total excreta collection, described by Sakomura and Rostagno (2016) , in broilers at different ages: 1 to 8 (phase 1 -pre-initial), 11 to 18 (phase 2 -initial), 21 to 28 (phase 3 -growth 1), 31 to 38 (phase 4 -growth 2) and 41 to 48 (phase 5 -termination) days of age, thereby totaling five metabolism assays.
In the pre-initial, initial, growth 1, growth 2 and final (end) phases, 375, 250, 125, 100 and 100 male broilers of the Cobb 500 strain, respectively, were used. The birds were purchased from a known hatchery and received rations (initial and growth) and water ad libitum until reaching their respective ages.
Five reference rations (RRs), based on maize and soybean meal (Table 1) , were calculated to meet the nutritional requirements of birds at different ages, according to the recommendations proposed by Rostagno et al. (2011) . The tested foods replaced: 40 kg / 100 kg of RR for maize, 20 kg / 100 kg of RR for soybean meal, deactivated whole soybean and wheat bran, and 10 kg / 100 kg of RR for soy oil. At the respective ages, the birds were transferred to the metabolism cages, distributed in a completely randomized design, with five treatments and five replicates, totaling 25 experimental units (EUs) for each experimental trial, which lasted 15 days, with ten for adaptation to the metabolism cages and to the test rations, and five days for the total collection of excreta, which was performed twice a day (SAKOMURA; ROSTAGNO, 2016) , with an interval of 12 hours, to avoid possible fermentations, as recommended by Rodrigues et al. (2006) .
The excreta collected throughout the experimental phase was stored in plastic bags, identified and stored in a freezer until the end of the collection period. Subsequently, it was thawed, weighed and homogenized, and samples were taken for laboratory analysis. Preheating was performed in a ventilated oven at 55 ºC for 72 hours. The samples were then ground and sent to the Laboratory of Animal Nutrition of UNIOESTE to perform the bromatological and mineral analyses. In the laboratory of the State University of Maringá (COMCAP / UEM), in Maringá (Paraná, Brazil), the values of gross energy (GE) were determined.
At the end of each test, the feed intake and the total amount of excreta per EU were measured and, based on the results of chemical composition analysis of the foods, diets and excreta, the AME and AMEn values were calculated using equations proposed by Matterson et al. (1965) . After the determination of the metabolizable energy values, the ACM were calculated for each food in each studied phase, as well as the ACMn.
Analysis of variance (ANOVA) was performed as the statistical procedure, and a linear regression and/or linear response plateau (LRP) was carried out according to the best fit, considering R², to verify the effects of different ages on the metabolizable coefficients of AME and AMEn values, for each food in the different periods. In the same period, ANOVA and Tukey's test were performed at a 0.05 probability level to verify which food has the best energy utilization within the same age, through the Statistical and Genetic Analysis System (SAEG) (UNIVERSIDADE FEDERAL DE VIÇOSA -UFV, 2005).
Results and Discussion
The chemical composition of the foods obtained in the laboratory analyses, as dry matter (DM), crude protein (CP), gross energy (GE), ether extract (EE), mineral matter (MM), neutral detergent fiber (NDF), acid detergent fiber (ADF), calcium (Ca), phosphorus (P), magnesium (Mg), sodium (Na), potassium (K) and geometric mean diameter (GMD) presented variation (Table 2 ) in relation to values described in the current literature (ROSTAGNO et al., 2011; QUEIROZ et al., 2015; SCOTTA et al., 2016; ANDRADE et al., 2016) probably due to the very difference in the varieties of food evaluated, besides cultivars, crops, fertilization of the soil and forms of industrial processing.
The laboratory analysis revealed that the value obtained for CP of corn was lower than that described by Carvalho et al. (2004) , Rodrigues et al. (2001) and Rostagno et al. (2011) , but higher than that cited by Nunes et al. (2008) and D'Agostini et al. (2004) . The value of EE found for corn was similar to the value found by Nery et al. (2007) , but lower than the EE value of Mello et al. (2009) . From the GMD analysis, soybean meal and corn were classified as being of fine grain size, while the deactivated whole soybean and wheat bran presented medium granulometry. It is important to relate the nutrient digestibility coefficients or the energy coefficients contained in the foods to their granulometry, since the particle size influences the retention time in the gastrointestinal tract (passage rate), as well as the action of enzymes and biliary juice on the chyme, which will result in different rates of nutrient utilization.
According to Zanotto and Bellaver (1996) , the foods are classified as fine granulometry when they present a GMD lower than 0.60 mm, average when the GMD varies from 0.60 to 2.00 mm, and thick when the GMD is higher than 2.00 mm.
Corn and soybean meal presented mean AMEn values lower than those published by Rostagno et al. (2011) . From 11 to 18 days and 41 to 48 days (Table 3) , the corn AMEn values were 2964.12 and 3137.42 kcal/kg, respectively, both lower than those presented by Mello et al. (2009) at similar ages.
The AMEn of the soybean meal, from 11 to 18 days of age, presented a value of 2299.96 kcal/kg, higher than those determined by Mello et al. (2009) and by Calderano et al. (2010) . In the period from 41 to 48 days, the AMEn of soybean meal was inferior to the value presented by the authors mentioned above.
The deactivated whole soybean presented, on average, 253 kcal/kg more than the values of AMEn determined by Calderano et al. (2010) , at all ages. For wheat bran, AMEn values were higher than those obtained by Mello et al. (2009) in the periods from 11 to 18 (1770.72 kcal/kg) and from 41 to 48 days of age (1973.85 kcal/kg).
According to Queiroz et al. (2015) , the increase in AMEn value with the advancement of the chicken's age is caused by the improvement in the use of the food nutrients. This may occur because the activity of the enzymes amylase, trypsin and lipase increases after birth, and the phase of increased activity occurs between the first and second week of life (SAKOMURA et al., 2004) , which could be observed in the present experiment, in which the majority of foods showed an increase in AMEn from 11 days of age. In order to determine the AME and AMEn of corn and soybean meal in rations for growing broilers, Lopez and Leeson (2008) worked with total excreta collection, using linear regression as an alternative method of calculating the values of significant linear regression for both maize and soybean meal. Even with a better fit for the corn equations, the AME and AMEn values were little affected by age, with a higher variation in the soybean meal values.
The results can be explained by the age of the birds that were submitted to the collection period. Lower values and energy coefficients are found in the pre-initial and initial phases. In the growth phase (the phase in which the experiment was performed), there is a greater activity of the enzymes responsible for the digestion of the food, which means that the energy values do not suffer much oscillation within this phase (SAKOMURA et al., 2004) .
The older birds presented higher values of ACM and ACMn (P<0.05) for corn, deactivated whole soybean and wheat bran (Table 4) . This result has probably been found in response to maturity in the enzymatic synthesis of the animals, since at younger ages birds still have limited ability to degrade nutrients or groups of more complex nutrients, such as nonstarch carbohydrates and lipids. In this respect, BRUMANO et al. (2006) mention that, from the end of the second week of life and the beginning of the third, due to the development of the digestive tract and the consequent increase in the production of enzymes, the birds increase the digestibility of the nutrients and the energy contained in the feed.
At the different ages evaluated, there was no difference (P>0.05) in the ACM and ACMn values for the same food. However, for all evaluated foods, with the exception of soybean meal, energy metabolizability increased linearly (P<0.05) as a function of the advancement of poultry age, with the lowest AMC obtained for wheat bran, probably as a response of the gastrointestinal tract to the fibrous content of this food, when compared to the others.
This corroborates the results presented by Mello et al. (2009) , who evaluated foods such as corn, soybean meal, sorghum, wheat bran and whole rice bran. The authors suggest that this negative result for wheat bran is probably due to the high levels of NDF and ADF, and the high amounts of soluble nonstarch polysaccharides present in this food, which promote the increase of the viscosity of the digesta, impairing the digestibility of nutrients. The AMC of crude energy contained in corn, soybean meal and deactivated whole soybean presented a significant effect (P<0.05) and was better adjusted to the LRP model (Table 5 ). The equations show that for the corn ACM and deactivated whole soybean, as well as the ACMn of deactivated whole soybean, the energy metabolizability of these foods tends to increase with the advancement of the bird's age. However, although there was a significant effect and adjustment to this model for the ACMn of deactivated whole soybean, the LRP model was not the best fit for this variable. However, the ACM equation for soybean meal demonstrates that the metabolizable energy for this food is higher in the first days of a bird's life, in contrast to that obtained for corn and deactivated whole soybean. According to Queiroz et al. (2015) , the digestive capacity of birds in the early stages is not fully developed, because of the low activity of enzymes responsible for food digestion. Therefore, this result obtained for soybean meal in the early stages was not expected. Leslie et al. (2007) conducted an experiment with broilers at different ages to determine the effect of phytase and B-glucanase on the energy values of corn and soybean meal. The authors found that in the early days of the birds there was no effect of the enzymes on ileal digestible energy. However, as age increased, there was also an increase in metabolizable energy for corn and soybean meal. The results found for corn corroborate the findings in the present study; however, for soybean meal there was a greater metabolizability of energy with younger birds, differing from the results found by these authors.
The equations for corn (ACM and ACMn), soybean meal (ACM), deactivated whole soybean (ACM and ACMn), wheat bran (ACM and ACMn) and soybean oil (ACM and ACMn) were significant (P<0.05) and adjusted to the linear regression model (Table 6 ). The ACM equations for maize, soybean meal and deactivated whole soybean did not adjust properly to the linear regression model, which obtained a better R² (0.90, 0.62 and 0.97) when adjusted to the model of LRP. The opposite can be observed for the ACMn equation of the deactivated whole soybean, in which there was adjustment for both the linear regression model and the LRP. However, in this case, there was a better fit to the linear regression model (R²=0.67) when compared to the LRP (R²=0.31). There was no effect (P>0.05) and there was no adjustment of the equations to any regression model for the ACMn of the crude energy contained in the soybean meal.
In the linear regression model, the equations show that for all foods in which there were significant differences, the metabolizable energy tends to increase with the age of the birds, with the exception of soybean meal, where younger birds take better advantage of the energy of that food than older birds.
The results found in this work for corn and wheat bran are in agreement with the results found by Mello et al. (2009) , who performed four metabolism tests with three different ages of broilers (10 to 17, 26 to 33 and 40 to 47 days of age) and with cecectomized roosters.
The authors were able to verify that with the increase of the birds' ages, there was also an increase in the energy values, thereby increasing their coefficients of metabolizability for the different foods. In this study, in addition to the foods mentioned, rice bran, viscera flour, sorghum, feather meal, blood plasma and soybean meal were also evaluated. For all foods, there was an increase in the coefficients with the increase of the birds' ages, which differs from the results obtained for the soybean meal, where the metabolizability was higher in the first days of life.
Conclusion
For all evaluated foods, with the exception of soybean meal, the energy metabolizability tends to increase as the age of the birds increases. The lowest AMC were obtained for wheat bran.
